ABSTRACT
INTRODUCTION

X-ray astronomy satellites widely employ charge-coupled devices (CCDs) for imaging as well as for spectroscopy. Combining them with optics, they have good spatial resolution and moderate energy resolution. There are some less desirable characteristics in X-ray CCDs, namely size, time resolution, pile-up and detection efficiency at high energy. What is required for X-ray use is a low-noise read-out, a thick depletion layer, thin absorption layer and large format. The ASCA satellite
1 employed X-ray photon counting CCDs (SIS) for the first time. The CCD chip was about half inch square. They employed 4 chips in a camera. Chandra 2 and Suzaku 3 employed a CCD chip of one inch square. The CCD camera on Chandra employed 4 chips in the imaging camera. XMM-Newton also employed 7 chips in the MOS camera 4 and one large chip of the pn-CCD. 5 The CCD for X-ray use is fabricated in a buttable form so that they can obtain a large effective area by using many chips.
ASCA and SUZAKU are put into the low earth orbit (LEO) where we need an active cooling system. We employed a peltier cooler and reached -60
• C in ASCA and -90
• C in SUZAKU. 6 Chandra and Newton are put into deep eccentric orbit where they can passively cool down to -120
• or less. Judging from the CCD performance against the radiation damage, we find that the working temperature of -120
• is desirable. However, judging from the CCD performance against the non-X-ray background, we find that the LEO is much better. Therefore, we have to look for a system to cool down the CCD to the desirable temperature at the LEO. A super mirror is being developed at Nagoya University that can collect X-rays up to 80 keV. Therefore, it is a good combination of the super mirror and the SDCCD. We performed a balloon experiment, SUMIT, to observe X-ray of 20-80 keV. Fig.1 
X-ray CCD for balloon experiment
We have developed a P-channel CCD having thick depletion layer. This enables us to make it as a BI-CCD. Due to the low detection efficiency of the CCD above 10 keV, the SDCCD was introduced. It has a scintillator directly attached to the CCD of the BI side. High energy X-ray photons passing through the depletion layer can be easily detected in the scintillator where visible photons are produced. The visible photons are also detected by the CCD, which increases the detection efficiency up to 100 keV. The energy resolution of X-rays detected by the scintillator is limited by the scintillator while that of detected by the CCD depletion layer is as good as that of the conventional CCD.
NEW TYPE OF CCD FOR NEXT
N-CHANNEL CCD, NEXT2
After the development of the MAXI CCD, we have improved it as 'NeXT2' so that it has a storage area to be a frame transfer type CCD. The imaging area is 25×25 mm 2 with 24µm square pixel. There are 1 M pixels that can be read out by using two output nodes. We can select which readout node is used; one of them or both. As shown in Fig.2 
P-CHANNEL CCD, 2K4K
We have developed a P-channel CCD where holes are major carriers instead of electrons. Since it can have a thick depletion layer, it can be a fully depleted CCD. This is initially intended for the optical application. It is designed to be a back-illuminated CCD so that they can improve the short wavelength efficiency. We have modified it to fit the X-ray detection. Fig.3 left shows a P- We used 109 Cd to measure the detection efficiency. Fig.4 14 Gendreau et al. 15 reported the effect of a sacrificed charge by using the ASCA CCD through the laboratory experiment. In Suzaku, they have introduced the SCI method in orbit. 16 In the SCI method, we usually inject charge into one row at every 55 rows. 17 These rows compensate the electron traps generated by charged particles as the frame data are transferred. Since the traps leave electron in a finite time, we have to periodically inject charges. The interval is selected by referring to the trapping time. Fig.5 shows the performance history of the CCDs on board SUZAKU. In the first year, we can see a rapid degradation of the CCD while it recovers to the initial condition by employing the SCI. We see that the degradation rate is reduced by a factor of about ten. In this way, we can extend the CCD performance in orbit. Fig.7 left shows the block diagram of the SXI. We will use either NeXT2 CCDs or 2K4K CCDs. Fig.8 
left shows the X-ray image of the calibration beam that is the sum of 1600 frames. Fig.4 right shows the detection efficiency at Ag-K X-rays as well as that of 213µm thick Si. With taking into account the statistical uncertainties, this is consistent with the physical dimension of the thickness of 200µm.
CHARGE INJECTION
X-ray CCDs are gradually degraded in orbit due to the charged particle damage. When the charged particle leaves damage near the charge transfer channel inside the CCD, it reduces a lot on the charge transfer efficiency. Since the charge transfer channel is formed just below the gate structure, it is in shallow region of the FICCD
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